Abstract. In meteorological and hydrological researches, missing rainfall data has always been one of the most challenging problems which need to be faced by the researchers. The problems of missing rainfall data are due to the wrong technique used when measuring the rainfall, relocation of the rain station and malfunctioned of instrument. Finding the suitable method to solve missing data problem is very critical before going to the next level of data analysis. Most researchers used the spatial interpolation method to estimate the missing rainfall data at a particular target station which is based on the available rainfall data at their neighboring stations. The spatial interpolation method is one of the traditional weighting factors which also consider the correlation between the stations. This study uses the modified of spatial interpolation weighting methods to estimate the missing rainfall data in Pahang and only assume that the particular target station has the missing value. A new modified method of normal ratio and inverse distance weighting with correlation is proposed by abbreviated by NRIDC. The performance of the modified spatial interpolation weighting methods used are assessed using the similarity index (S-index), mean absolute error (MAE) and coefficient of correlation (R) for different percentage of missing values (5%-30%).
INTRODUCTION
. Rainfall plays a vital part in agriculture as well as in hydrological and meteorological studies. Hydrological modeling requires continuous rainfall data in identifying spatial and temporal rainfall patterns using the selected model. In the real world data set such as rainfall data, problem of missing data is common and unavoidable. Among the reasons of having missing value could be due to the wrong technique used by researchers when measuring the rainfall, malfunction of the instrument for a specific period of time especially during the extreme environmental events, unsystematic way when storing the data and relocation of meteorological station. Generally, the problem of missing data will reduce the representativeness of the sample taken from the population and will result in the wrong conclusion about the population. In some worst cases, this problem specifically can also prevent the vital analysis of variables considered from being executed and finally will create problems in many applications. Since this problem will highly affect the quality of the data, the step to handle missing data is very crucial before going to the next step of data analysis. Therefore, the proper method for estimating the missing rainfall data should be considered and discussed favourably.
The used of available point observations for interpolation can be optimized by employing the information from topography, data from satellite or radar information (Grimes, Pardo-Iguzquiza, and Bonifacio 1999; Haberlandt and Kite 1998; Seo, Krajewski, and Bowles 1990). Due to inconsistencies and lack of continuous data, estimating the missing rainfall data is very significant before performing the statistical analysis. The most common traditional spatial interpolation weighting method used in estimating the missing data is based on the normal ratio (NR) method (Young, 1992; Paulhus & Kohler, 1952) . Paulhus and Kohler (1952) proposed the simple NR method based on the ratio means between the data from a target station and neighboring stations to estimate the missing rainfall data and it is named as old normal ratio (ONR) method. Young (1992) modified the ONR by including the correlation value which gives normal ratio with correlation (NRC). Correlation effect is considered since neighboring stations have similar characteristics with the target station and correlation is significant between those stations. To estimate missing data in Malaysia, Tang et al. (1996) also proposed the new modification of NR by including the effect of square root of the distance (NRD).
Another simplest and widely used method for interpolation is the inverse distance weighting method (ID) (Hubbard 1994 ). This method estimates the missing data by calculating the weighted average of known data from neighboring station to the target station. The ID method has assumed the concepts of Tobler's first law (first law of geography) which states that "everything is related to everything else, but near things are more related than distance things" (Tobler 1970 ). The distance affects the strength of relatedness between the target station and neighbouring stations.
Nevertheless, other complicated methods have also been applied such as geostatistical methods (simple kriging, ordinary kriging, block kriging, directional kriging, universal kriging and co-kriging) and regression based method which gives better estimation compared to ID (Di Piazza et al. 2011; Vicente-Serrano, Saz-Sánchez, and Cuadrat 2003). Instead of using complicated methods, many researchers improved the ID method to maintain its simplicity (Nejad and Ghahraman 2012) . However, Teegavarapu and Chandramouli (2005) stated that the Tobler's first law is only valid when positive spatial autocorrelation exists. Their results have proved that ID method failed when negative and zero spatial autocorrelation exists. They also found that the correlation coefficient weighting (CC) method is superior in providing estimation of missing data compared to IDW method.
The purpose of this paper is to estimate the missing rainfall data in Pahang using the modified spatial interpolation weighting method used by Suhaila et al. (2008) and we proposed a new modified of normal ratio and inverse distance weighting by including correlation coefficient (NRIDC). All the modified spatial interpolation weighting method proposed by Suhaila et. al (2008) are compared to NRIDC. Then, the performance of all the modified methods is assessed using similarity-index (SI), mean absolute error (MAE) and correlation coefficient (R).
DATA AND AREA OF STUDY
In this study, daily rainfall data from ten meteorological stations located in Pahang state are considered and Kg. Bahru, Pekan 
Estimation Method of Missing Data
In this section, five estimation methods of missing data are presented. The first four methods are the existing methods used by Suhaila et al. (2008) , namely modified coefficient correlation weighting method (CCM), modified correlation coefficient with inverse distance weighting method (CID), modified normal ratio with inverse distance method (NRID), modified old normal ratio with Inverse distance method (ONRID). In this study, the fifth method of the normal ratio inverse distance weighting with correlation (NRIDC) is proposed.
(a)
Modified Coefficient Correlation Weighting Method
In general, the spatial interpolating weighting method is based on the successful of ID method which is highly depends on the positive spatial correlation between the neighbouring station and target station. Thus, the distance of ID method is interchangeable with correlation coefficient ( 
(c) Modified Normal Ratio with Inverse Distance Method
The combination of NR modified method (Young, 1992) and ID method (Hubbard 1994 ) is considered the best due to their simplicity. The NR modified method (Young 1992 
(e) Normal Ratio Inverse Distance Weighting with Correlation Method
In this study, we proposed the combination between NR, ID and correlation value and it is named as normal ratio inverse distance weighting with correlation (NRIDC). This method is modified from Suhaila et al. (2008) by including the correlation value to NRID. Nevertheless, this slight modification still maintained the idea proposed by Suhaila et al. (2008) to combine between normal ratio, correlation and inverse distance in one weighting method in order to give more weight for better estimation of missing rainfall data. The weighting of NRIDC is given by 
Assessment of Estimation Methods
The performance of all the estimation methods of missing data applied are assessed using the similarity index (Sindex), mean absolute error (MAE) and correlation coefficient (R). According to Wilmott (1981) , S-index is a standardized measure of the degree of model prediction error and range between 0.0 (no agreement) and 1.0 (perfect match). This index of agreement detects the additive and proportional differences in the observed and simulated means and variances, but due to the squared differences, it was too sensitive to extreme values (Legates and Mccabe 1999) . The error measures between the estimated data and their actual observed data are then compared using three error indices as follows: 
Results and Discussion
Missing rainfall data was estimated using different modified spatial weighting methods of CCM, CID, NRID, ONRID and NRIDC. We proposed the last method. Three indices of S-Index, MAE and R are applied to assess the performance of the estimation method for different percentages of missing data. The performance results of estimation methods are shown in TABLE (2). A good performance of spatial weighting method indicates the high value for both values of S-index and correlation but low for MAE value. In this study, a very slight difference could be seen based on the performance result between all the modified methods (Suhaila, Sayang, and Jemain 2008) and the new proposed method (NRIDC). In overall, the performance results showed that the method of modified correlation coefficient (CCM) is superior compared to other methods such results probably because of geographical characteristics which are almost similar since the stations used are in the same state and indicates strong relationship between all the stations. The proposed method is found to give better estimation compared to NRID and CID methods at four decimal places. FIGURE 1 shows the graphical performance assessment of all estimation weighting methods used for different percentages of missing data. The performance of each estimation method tends to decrease slightly in S-index and correlation coefficient but to increase slightly for MAE when using different percentages of missing data. Despite the graph shows drastically decreased for S-index and R and drastically increased for MAE, the performance of all methods gives perfect match and indicates good correlation.
FIGURE 2.
Graph of performance assessment using three indices (S-index, MAE and R) of various percentages of missing data.
Conclusion
This study compares the performance of modified estimation weighting method proposed by Suhaila et al. (2008) and the new proposed method using rainfall data in Pahang. The performance of all methods is assessed using three indices indicators (S-index, MAE and correlation coefficient) for different percentages of missing data (5% -30%). The good performance results are shown by the S-index with value close to one and high correlation value with low MAE. The new proposed method gives better estimation compared to NRID and CID methods. For further research, the comparison between the geostatistical methods (simple kriging, ordinary kriging, block kriging, directional kriging, universal kriging and co-kriging) and regression based method to this modified method can be made. The use of different p values is also suggested.
